Background {#s0005}
==========

Mount Etna is the highest active volcano in Europe, and it is located on the east coast of Sicily, between the cities of Messina and Catania. The Etna covers an area of 1190 km^2^ with a basal circumference of 140 km ([Fig. 1](#f0005){ref-type="fig"} ) [@b0005]. During the uprising of the volcanic eruptive plume, soluble ash fraction and solid particles are emitted [@b0010]. These latter include gases trapped in the volcanic rocks, dissolved or dissociated gases in magma and lava or ashes, or gases emanating directly from lava or indirectly through ground water heated by the volcanic action. Volcanoes may discharge flows of ash and gas up to 50 km away, with the generation of cloud columns 1--5 km high and blasting about 5 km-wide chunk off the tip of the volcano [@b0015], [@b0020]. In volcanic areas, the emissions and deposits of volcanogenic elements are key factors for geochemical mobility of trace elements (TEs), and their distribution in the environment might impair animals and human health. Among all the volcano elements, metals represent the main natural source [@b0015], [@b0020]. Fine particulate matter with an aerodynamic diameter of 2.5 m or less (PM2.5), 10 m or less (PM10) are sulfur dioxide (SO~2~), nitrogen dioxide (NO~2~), carbon monoxide (CO) and ozone (O~3~) that affect airways through inhalation and exacerbate the susceptibility to and severity of respiratory virus infections [@b0025], [@b0030], [@b0035]. Moreover, trace elements deposit in soil and plants representing a high risk of ingestion of metals by the population with serious toxic effects for public health [@b0040]. When added to other environmental toxicants, such as herbicides, pesticides and industrial emissions, heavy metals are associated with an increased risk of neurodegenerative diseases [@b0045], [@b0050], [@b0055], [@b0060].Fig. 1**shows the location of Mount Etna, with images of its eruptions. a, b**: Valle Bove 2013; **c:** Etna view landing to Catania airport; **d:** Etna view from Giarre, a city in the eastern flank of the mountain; **e:** Strombolian Etna eruption with high km of ash emission; **f:** Etna eruption in 2013.

A recent study evaluating the level of TEs in scalp hair of school-children living around the Mount Etna area, showed a high level of metals and nickels [@b0060]. Moreover, areas of different flank present different susceptibility to neurodegenerative diseases, being eastern to southern flank more exposed than western one [@b0065]. Heavy metals have been dosed in the groundwater of the Etna (used for water plants or to drink), especially in the eastern and southern sectors of the volcano, and they are believed to contribute to intoxication of public health and to pulmonary or neurodegenerative diseases [@b0060], [@b0070], [@b0075].

Moreover, food, especially, fishes are highly concentrate of several metals [@b0080], [@b0085], and this is likely related to gases emitted by the Etna mountain [@b0090], [@b0095], [@b0100], that blow from the eastern to the southern of the volcano, most of the time westerly to north-westerly trade winds, emitting about 16% of the global volcanic heavy metals, including radon [@b0105]. Radon (222Rn) is a noble gas, invisible, odorless, tasteless, and short-lived decay product of uranium (238U), whose high activity concentration in radon emissions at the topographic surface is produced by convective flow of gases that facilitate the transport of radon from greater depth within soils (22--23).

The collapsing flanks are bordered by numerous active faults [@b0120] that cross urban areas, and are likely the locations of high soil degassing and elevated radon activities [@b0125]. In the areas of strong degassing, particularly in the east and south-west flanks of the volcano, due to continuous tectonic deformations and gravitational collapses [@b0130], [@b0135], radon activity was up to 60,000 Bq/m3 [@b0140].

In Sicily radon has been highly related with lung cancer (29--30), and could favour pulmonary infections, as well as other elements do [@b0155].

The hypothesis {#s0010}
==============

In December 2019, severe cases of pneumonia of unknown aetiology were reported in Wuhan city, in China. Lately, the pneumonia was related to the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), previously named 2019 novel coronavirus (2019-nCoV), and the diseases was termed coronavirus disease-2019 (COVID-19) [@b0160], [@b0165]. At the end of January 2020, after the first case in Codogno, the infection spread all over Italy, but with high infection rates and mortality in the northern part, especially in Lombardy, the most industrialized and polluted region of the country. It is noteworthy that a strong association between severe viral respiratory disease and air pollution has been described [@b0170]. Air pollutant could be solid particles, liquid droplets, or gases. A pollutant can be of natural origin or man-made and classified as primary or secondary, based on natural origin (such as ash from a volcanic eruption: primary) or released from motor vehicle depletes (carbon monoxide gas) or factories (sulfur dioxide) [@b0175], [@b0180].

The inhalable fraction of particles in the air that can enter the nose or mouth depends on external wind speed and direction, as well as on the particle-size distribution by aerodynamic diameter [@b0185], [@b0190], [@b0195] *.* Two alternative size-selective criteria, often used in atmospheric monitoring, are PM~10~  and PM~2.5~. PM~10~  is defined by ISO as "*particles which pass through a size-selective inlet with a 50% efficiency cut-off at* 10 μ*m aerodynamic diameter*  (defined as "thoracic convention"), whereas PM~2.5~  as "*particles which pass through a size-selective inlet with a 50% efficiency cut-off at* 2.5 μ*m aerodynamic diameter";* these latter correspond to the "high-risk respirable convention" [@b0200].

Then, particles with a diameter smaller than 10 μm can enter the bronchi, while the ones with an effective diameter smaller than 2.5 μm can enter as far as the gas exchange region in the lungs [@b0205], because of prolonged permanence in the air than heavier particles, bypassing the nose and throat.

High concentrations of PM 2.5 particles characterize the air of Hubei Region in China, as well as the Po Valley (Italy), revealing the possible correlation between the major distribution of COVID-19 and the concentration of pollutants [@b0210]. In fact, pollution insult decreases airway ciliary activity, and increases excessive mucus production, exposing to progressive and chronic inflammation of the respiratory airways with severe respiratory diseases after viral infections.

Several factors contribute to individual reactions to air pollutants: the type of pollutant a person is exposed to, the degree of exposure, and the individual\'s health status and genetics [@b0215]. To this end, air pollution is a significant risk factor for viral respiratory infections, heart disease, chronic obstructive pulmonary disease, stroke and lung cancer [@b0220], [@b0170]. Origin of pollutant could be volcanoes emissions.

Volcanic eruptions release large amounts of sulphuric acid, hydrogen sulfide, and hydrochloric acid into the atmosphere. These gases react with other atmospheric particles to form aerosols and eventually return to earth as acid rain, having a number of adverse effects on the environment and human life [@b0185]. Pulmunary diseases spread by means of small droplets in the breath, also called aerosols [@b0190], and air pollution may facilitate the outside survival of viruses.

On the other hand, heavy metals origin from geologic cycle (e.g. erosion, volcanic activity, wind-blown dust, etc.) and other industrial or artificial activities (industrialization, fuel combustion, roadway traffic, etc.). Indeed, metals accumulate in aquatic and terrestrial systems with biomagnification in food chain, after being conveyed by air further contributing to air pollution.

In the North-west of Beijing, a high urbanised city of China, where an elevated numbers of COVID-19 contagious have been recorded, there is the Datong-Fengzhen volcano group that contains about 80 volcanic vents, including 30 cinder cones and small lava domes [@b0225]. Then, there are three active volcanoes in China locate in the Changbaishan area, Jingbo Lake, Wudalianchi, Tengchong and Yutian. Several of these volcanoes have explosive eruptions of magma with repercussion on global system (for example Millennium eruption of 1000 years BP involved at least 20--30 km3 of magma with important global impact) [@b0230]. Another active and very dangerous Asian volcano is the Taal, on the island of Luzon, Philippines. In December 2019, an alert level to four due to an explosive eruption was raised and a "total evacuation" order to population living within 17-kilometer around the volcano was done for the high risk of toxicity of volcanic ash (that could travel hundreds of kilometres an hour), toxic gases emitted from the eruption, and mud flows caused by ash mixing with water vapour in the atmosphere. A column of ash raised up as it erupts on January 2020 shower down on the south-west sector of the volcano [@b0235]. Then, volcanoes gases and heavy metals could contribute to air pollution of the China.

As well as in China, we suppose that ash and gases emitted from the Mount Etna contributed to air pollution, potentially favouring the major contagion in the eastern flank of the mountain, as in Catania. Moreover, the reduction in number of contagion and virulence in the last month would be justified by the interaction of several factors, as social distances and lockdown, and environmental issues, including a warmer climatic season and concentration of gases emitted. In fact, ash and gases are usually particularly intense in winter, with a reduction of emission of specific metals with warmer weather [@b0240]. In particular, radon concentration is generally lower in summer, when air temperature is higher. A negative correlation between radon concentration and air temperature has been found with consequent lowering of indoor radon concentration. On the other hand, no seasonal cyclicity due to meteorological parameters was found. Then, active faults (40--150 m) and volcanic substrates could be an alternative explanation of radon and other pollution elements variation [@b0240].

Based on all this information, our hypothesis is that the volcano ash/gas together with climatic conditions may have promoted a longer persistence of the viral particles in the air, mleading to a higher prevalence of COVID-19 in the eastern to southern part of Sicily.

Evaluation of hypothesis {#s0015}
========================

Air pollution has been suggested as cofactor of the spread of COVID-19 in industrial cities, in an attempt to explain the major incidence of the virus infection in the North of Italy, especially in the Po valley. The main involved Italian cities are, indeed, Lodi, Cremona and Bergamo, defined as the "Industrial Triangle" which is characterized by a high density of factories, traffic and intensive agriculture with the highest pollution levels [@b0245].

In Sicily, the highest incidence of infection was in Catania, followed by Messina and Palermo, although this latter city is the biggest Sicilian one (see [Fig. 3](#f0015){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}). Because of its altitude and geographical position of Mount Etna, the volcano displays a role in the exposure of the flanks to the dominant winds: most of the rainfall is on the eastern flank, as the volcano itself induces condensation of wet air masses coming from the Ionian Sea, where Catania is [@b0250].

Gases blow from eastern to the southern due to the westerly to north-westerly trade winds [@b0250]. In fact, quantitative of heavy metals is more representative in the ground waters in the eastern and southern sectors of the volcano. The presence of TEs in the water is the results of degassing of magmatic volatiles, such as radon, by the known faults or faults that are not clearly visible at the surface (26,53). Due to direction of gas emissions, we should expect (how it is actually) a lower incidence of infectious in the western flank of the volcano (Palermo, Trapani, etc) than the eastern or southern (Messina and Catania), as demonstrated by prevalence data in [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"} .Fig. 2Weekly reported numbers of positive cases for Covid-19 in Sicily, evaluated per single province. decreto "zone rosse": National decree where "red zones" where closed without any possibility to go to or to travel from all these individualized areas (Lumbardy); Decreto \#IoRestoaCasa": national decree with any limitations to go out, unless strictly necessary and to keep social distances (quarantine effort); decreto "chiudi Italia": all commercial activities were suspended; Decreto "Fase 2": gradually reopening of all activities. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Fig. 3Number of positives for COVID-19 per province, as compared to the general population.

On the other hand, the reduction of specific and dangerous gases emitted with warmer weather, reveals a potential correlation between the distribution of severe COVID-19 in Sicily and the metals diffusion resulting from a combination of volcano emissions, locally climatic conditions, population genetic predispositions and regional topography.

Consequence of the hypothesis and discussion {#s0020}
============================================

This is the first paper that elaborates the hypothesis of a potential role of volcanic gases and heavy metals-related air pollution, combined to specific climatic conditions and regional topography, in favouring severe COVID-19 diffusion in Sicily. The idea stems from the fact that TEs likely lead to a major susceptibility of respiratory system to infection. Based on the Frontera hypothesis, heavy metal air pollutants combined to climatic conditions prolonged the permanence of the virus in the air, as well as the susceptibility to pulmonary virus infection. In Biancavilla, town located in in eastern Sicily, a relation between a higher risk of mesothelioma, as well as chronic obstructive pulmonary disease, and asbestiform fiber used in the local building industry (fluoro-edenite) was found. Then, preventive manoeuvres were done, such as covering with asphalt of roads previously paved with local soil materials, and removal of sources of dust in the urban area [@b0260], [@b0265].

Moreover, a recent environmental survey showed the presence of both *C. neoformans* and *C. gattii* species complexes in the environment. In particular, these species were previously recovered from Messina (Northeast Sicily) in several samples of bird excreta, as well as in Eucalyptus camaldulensis, Prunus dulcis (almond), and Ceratonia siliqua (carob) [@b0270], [@b0275], [@b0280]. In 2019, Trovato et al found that C. neoformans and C. gattii species colonize olive trees, samples from 124 olive trees collected from 14 different sites in Eastern Sicily around Mount Etna, as well as carob trees [@b0285], [@b0290]. Assays showed that volcanic soil is a suitable substrate for the growth of C. neoformans and C. gattii species for the characteristics of the soil rich in iron and copper, potassium, phosphorus and magnesium, but poor of nitrogen and calcium [@b0295].

Therefore, the blastospores and basidiospores producted by cryptococcal yeasts represent a potential source of infection since soil aerosols could transfer small cells and spores (and potentially virus particles) in pulmonary alveoli of humans and animals causing the onset of the infection [@b0285].

Pulmunary diseases caused by TEs were also demonstrated by Censi et al. [@b0300]. It is noteworthy that two rare pulmonary diseases, i.e. dendriform pulmonary ossification and pulmonary microlithiasis were related to inhalation of atmospheric particles released by industrial practices or hydrocarbon combustion [@b0305]. One possible cause of these pathologies is the disposal of metal dust with large affinity to phosphate precipitation, such as lanthanides (YLn), produced during the manufacture of mirrors, optical lenses, and certain electronic [@b0310], [@b0315]. Lanthanides can crystallize in interstitial lung spaces and it could be diagnosed by broncho-alveolar lavage fluid dosing YLn content. Pulmunary characteristics are phosphatic microcrysts in intraaveolar areas of the lungs [@b0320]. The microcrysts may precipitate with YLn-phosphates and progress to pulmonary fibrosis due to dissolution of atmospheric particles [@b0325]. Due to the increasing utilization of YLn for agricultural and industrial applications, the measurement of YLn fractionation in lung fluid has the potential to be a viable tracer of human exposure to heavy fluxes of fine particulates enriched in heavy metals pollutants.

Based on these information, we could hypothesize that volcanic trace elements might play an important role in the predisposition and development of viral infection, as Covid-19, and thus prevention of respiratory diseases due to pollutions is fundamental. Because of the underestimation of volcanic gases emitted, we would like to encourage an accurate surveillance of the level of heavy metals and air pollution in the predisposed areas. Our hypothesis may imply a higher level of attention to the risk of infection spread in Sicily. It would be very important to carry out a clinical and epidemiological survey to identify heavy metals in soils and water, especially in the exposed flank areas of the volcanoes, reducing the usage and consumption of products with the higher levels of TEs. Further epidemiological and ecological surveys to confirm our hypothesis should be carried out.
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